The Department of Veterans Affairs (VA) operates a nationwide system of hospitals and hospital-affiliated clinics, providing health care to more than 2 million veterans with cardiovascular disease. While data permitting hospital comparisons of the outcomes of acute cardiovascular care (eg, myocardial infarction) are publicly available, little is known about variation across VA medical centers (VAMCs) in outcomes of care for populations of patients with chronic, high-risk cardiovascular conditions. OBJECTIVE To determine whether there are substantial differences in cardiovascular outcomes across VAMCs.
I schemic heart disease (IHD) and chronic heart failure (CHF) are highly prevalent in the Veterans Affairs (VA) health care system, and mortality is high for both conditions. 1 For more than 20 years, the VA has attempted to measure and improve health care quality for veterans with these conditions, 2 yet most of these efforts have focused on either process measures of quality (eg, β-blockers for heart failure) or surrogate clinical outcomes (eg, hypertension treatment targets). 3 Very limited data are available on clinical outcomes, and many of these outcome measures are restricted to patients hospitalized with acute cardiovascular events such as myocardial infarction or CHF exacerbations. 4 It is not clear whether short-term hospital outcomes among selected subsets of acutely ill patients are predictive of longer-term outcomes among the much larger IHD and CHF patient populations receiving VA continuity care. The VA currently comprises 144 VA medical centers (VAMCs), with at least 1 VAMC located in every state and the District of Columbia. Each VAMC manages a local network of outpatient clinics, located at the main hospital and/or in surrounding communities. The VA's health care system is highly integrated; VAMCs share a common electronic medical record and have uniform organizational characteristics such as governance, a national formulary, and national practice guidelines. 2 While a highly integrated system would be expected to have little systemwide variation in health outcomes, prior studies have suggested such variation occurs. 5 Therefore, the goal of our study was to examine risk-standardized mortality rates among patients with IHD and/or CHF across the VA from 2010 to 2014 and to discern whether there are meaningful differences in VAMCs' mortality rates, which might imply underlying differences in the quality of health care delivered by VAMCs.
Methods

Data Sources
We obtained administrative health care data from October 1, 2009, through September 30, 2014, from the VA's corporate data warehouse, which contains detailed information on all inpatient, outpatient, laboratory, and pharmacy encounters throughout the VA health care system. For veterans coenrolled in the Medicare program, we also obtained Medicare enrollment information and inpatient/outpatient claims submitted by (non-VA) health care clinicians from 2009 to 2014.
Cohort Selection
Using VA data, we identified veterans as having IHD if they had at least 1 inpatient or outpatient administrative record with International Classification of Diseases, Ninth Revision (ICD-9) codes 410. We also assessed each patient's VA and Medicare data for the occurrence of major medical/surgical events, including myocardial infarction/acute coronary syndrome, coronary revascularization, pneumonia, and stroke. Veterans' zip codes were used to estimate community-level per capita income using data from the 2011 to 2015 American Community Survey.
Outcome Variable Coding
Each patient's health care data from each of the 18 calendar quarters from April 2010 through September 2014 were aggregated quarterly, and these aggregated data were analyzed as a patient-quarter-level discrete-time survival analysis, with the occurrence of death during a calendar quarter as the primary outcome variable.
Predictor Variable Coding
Each patient's comorbidity vector of binary predictor variables was updated quarterly based on the VA and Medicare health care encounters occurring during that quarter. Each patient's chronic comorbid conditions (eg, diabetes or paralysis) were assumed to be present perpetually after their onset, unless the condition and a related condition were mutually exclusive (eg, tumor without metastases vs metastatic cancer). Because recent prior medical/surgical events are strong predictors of clinical outcomes, 11 the occurrence of selected major medical/surgical events in the prior 2 calendar quarters was assessed for each patient and updated quarterly.
VAMC Assignment and Censoring
For conceptual simplicity, we attributed to each VAMC all the health care provided by either the main hospital or its affiliated outpatient clinics. Within each calendar quarter, a patient was assigned to his/her primary VAMC where he/she had received the plurality of his/her VA health care, quantified as inpatient hospital days plus outpatient clinic visits. In cases where a patient had more than 1 VAMC with the largest number of encounters, he/she was assigned to the VAMC that provided care closest in time to the calendar quarter's end. When a patient had no VA encounters during a quarter, the veteran's VAMC assignment was carried over from the previous calendar quarter. Patients were censored from the cohort after 2 consecutive calendar quarters (ie, >6 months) of no VA encounters. Censored patients who subsequently reinitiated care at a VAMC were readded to the study cohorts during the quarter when their VA health care resumed.
Statistical Analysis
We estimated hierarchical generalized linear models with VAMC random effects, analogous to the methods used by the Centers for Medicare and Medicaid Services (CMS) in their Hospital Compare methods. 11,12 These models included annual fixed effects to control for temporal changes in outcomes independent of the location of care as well as an indicator of being in the cohort at inception (the first quarter necessarily included patients who had longstanding CHF or IHD, while patients joining the cohort in subsequent quarters were more likely to have incipient disease). Models used a complementary log-log linking function, as is typical for intervalcensored survival models. 13 All statistical tests were 2-sided, with P less than .05 considered significant. The VAMC-level random effects estimated by the hierarchical model were used to calculate a risk-standardized mortality ratio for each VAMC, using CMS's Hospital Compare formula (ie, the VAMC's predicted mortality as calculated from the observed outcome rate, with Bayesian shrinkage applied to the estimate to account for instability of rate estimators in small samples, divided by the expected mortality as derived from the observed characteristics of each VAMC's patients).
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Confidence intervals for each VAMC's risk-standardized mortality estimate were derived using bootstrap replications (n = 380 for CHF and n = 384 for IHD, thus assuring each individual VAMC was included in at least 200 replications) of the patient-level data set with random selection at the VAMC level, following the methods described by Ash et al. 12 We then compared our IHD population outcomes with published 30-day myocardial infarction survival for VAMCs from CMS's Hospital Compare program (2012-2014), 4 and we similarly compared our CHF population outcomes with Hospital Compare's published 30-day survival after CHF hospitalizations. We next calculated a single measure of each VAMC's cardiovascular population outcomes by normalizing each VAMC's survival rate for IHD (ie, subtracting the national mean survival rate and dividing by the national standard deviation) as well as for CHF and taking the mean of these 2 measures to produce a composite standardized survival rate. This composite measure then was compared with each VAMC's star rating as reported on the VA's Strategic Analytics for Improvement and Learning system, 14 a summary quality measure similar to the 5-star system used by CMS.
The institutional review board of the Corporal Michael J. Crescenz VAMC (Philadelphia, Pennsylvania) approved the study protocol. Because it was infeasible to obtain informed consent from more than 1 million veterans, a waiver was granted by the institutional review board. All analyses were conducted using SAS, version 9.4 (SAS Institute Inc) and Stata, version 15.0 (StataCorp).
Results
We excluded veterans at 6 VAMCs with fewer than 200 qualifying patients because low numbers made accurate mortality estimation infeasible. We identified 930 079 veterans with IHD and 348 015 veterans with CHF ( Table 1) ). There were 266 406 veterans who were members of both disease cohorts. Both the IHD and CHF survival models had mortality hazard ratios for chronic diseases that were similar to prior studies using similar predictors (eTable in the Supplement). volume at each VAMC in our cohorts, even at low-volume centers, minimized the effect of shrinkage on mortality estimates at low-volume centers.
Ischemic Heart Disease Mortality Across VAMCs
The overall annual mortality rate in the IHD cohort was 7.4%. Risk-standardized IHD mortality varied across the 138 VAMCs from 5.5% (95% CI, 5.2%-5.7%) at the lowest-mortality VAMC to 9.4% (95% CI, 9.0%-9.9%) at the highest-mortality VAMC (Figure 1 ; P < .001 for the difference). For 29 high-mortality VAMCs, the lower 95% confidence limit exceeded 7.4%, suggesting these VAMCs' IHD mortality rates were statistically significantly higher than the national mean. Conversely, for 36 low-mortality VAMCs, the upper 95% confidence limit was less than 7.4%, similarly suggesting these VAMCs' IHD mortality rates were statistically significantly lower than average.
Chronic Heart Failure Mortality Across VAMCs
The overall annual mortality rate in the CHF cohort was 14.5%. Risk-standardized CHF mortality varied across the 138 VAMCs from 11.1% (95% CI, 10.3%-12.1%) at the lowest-mortality VAMC to 18.9% (95% CI, 18.3%-19.5%) at the highest-mortality VAMC (Figure 2 ; P < .001 for the difference). The lower 95% confidence limit for 35 high-mortality VAMCs exceeded 14.5%, suggesting these VAMCs' CHF mortality rates were statistically significantly higher than the national mean. Conversely, the 95% upper confidence limit for 37 low-mortality VAMCs also was less than 14.5%, similarly suggesting these VAMCs' CHF mortality rates were statistically significantly lower than average.
Association of Patient Attribution With Mortality
Risk-standardized mortality between the IHD and CHF cohorts was highly correlated (R 2 = 0.70; P < .001), as expected because of the overlapping membership between cohorts. Our method of attributing veterans to VAMCs conceivably could have penalized "hub" VAMCs that received referrals of veterans with advanced disease at the end of life from smaller VAMCs. However, only 2.4% of IHD deaths (n = 5284) and only 2.3% of CHF deaths (n = 3008) occurred during a calendar quarter in which the veteran's VAMC had been reassigned. These low percentages suggest that our patient-attribution scheme had minimal effect on our results.
VAMC Characteristics and Composite Outcomes
Mean composite IHD-CHF standardized survival scores (ie, z scores) were slightly higher in the East (z = 0.51) and Midwest (z = 0.53) Census regions compared to the West (z = −0.29) and South (z = −0.58) regions (P < .001) ( Table 2) . 3 Conversely, we found no association between a VAMC's complexity (a VAMC categorization system based on patient volume, patient risk, the number and breadth of physician specialists, and the presence of academic programs 3 ) and the composite IHD/CHF standardized survival rate.
Comparisons With Other VA Hospital Quality Measures
A VAMC's risk-standardized IHD mortality was not associated with 30-day acute myocardial infarction posthospitalization mortality (R 2 = 0.01; P = .35) (Figure 3 ). There was weak association between VAMCs' risk-standardized CHF mortality and 30-day CHF posthospitalization mortality (R 2 = 0.16; P < .001). We also observed a weak (R 2 = 0.06) but statistically significant (P = .005) association between our composite cardiovascular outcome measure and the VA's Strategic Analytics for Improvement and Learning star system for quality measurement.
Discussion
We observed marked variation in mortality rates across 138 VAMCs for both IHD and CHF risk-standardized mortality. Ischemic heart disease annual death rates at the VAMC with the highest mortality were 3.9 percentage points larger than at the VAMC with the lowest mortality (ie, 1 excess death per year on average among every 26 patients with IHD at the highest-mortality VAMC compared with patients with IHD at the lowest-mortality hospital), and similarly, CHF annual death rates were 7.8 percentage points larger (ie, 1 excess death per year among every 13 patients with CHF at the highest-mortality VAMC compared with patients with CHF at the lowest-mortality VAMC). We also found only modest association between our mortality measures and several published measures of VAMC quality, suggesting that our population-level outcomes measures may be capturing dimensions of chronic disease care that are not well measured by either short-term posthospitalization mortality measures or by aggregate measures such as the VA's Strategic Analytics for Improvement and Learning star system. 
Research Original Investigation
Ischemic Coronary Disease and Chronic Heart Failure in the Veterans Health Administration
Prior studies of VA hospital variation in cardiovascular outcomes have generally focused on the outcomes of acute hospitalization for severe illness [17] [18] [19] [20] Measurement of risk-adjusted mortality among chronic disease populations therefore presents an important dimension of quality measurement that might be missed if process measures or acute-care outcomes were the sole metrics. Differences in mortality rates among VA chronic cardiovascular disease populations may reflect differences across medical centers in the quality of care for these conditions, including clinician adherence to evidence-based treatment and screening guidelines, access to care for urgent medical conditions, posthospitalization care protocols, chronic disease management programs, and access to specialty care, social work services, and behavioral health care, as well as the integration of cardiovascular disease care with the treatment of other common concurrent chronic diseases. Our finding that cardiovascular mortality was not associated with the complexity of the VAMC providing health care provides some reassurance that VAMCs with fewer specialty services are able to deliver comparable care to more complex VAMCs, suggesting that the VA's internal system of referral for complex cardiovascular care is functioning adequately. However, this general finding does not eliminate the possibility that programmatic, organizational, and/or structural differences between VAMCs may have contributed to mortality differences. Our findings may be placed in the context of increasing emphasis on the importance of hospital/health system quality performance in the care of populations of patients with chronic disease.
30,31 While hospital outcomes for the treatment of acute medical episodes, such as myocardial infarction, remains an important quality measure, mortality rates among the broader population of patients receiving care by a hospital and/or its outpatient clinics provides important insight into the effectiveness of the hospital/health system in optimizing the health of its patient population.
Limitations
There are several limitations to this study. Administrative data imperfectly measure comorbidity and do not measure disease severity; thus, it is possible that the differences in mortality rates across VAMCs that we observed were partially caused by unobserved differences across VAMCs in comorbidity, disease severity, and/or social determinants of health outside of the domain of health care, although differences in population characteristics would seem unlikely to produce the high degree of mortality variation we observed. While VA laboratory and vital sign data were available for many patients in our cohorts, we chose not to incorporate these data owing to their inconsistent frequency, unexplained variability, and frequent missingness. Also, variation in coding practices for IHD/CHF across VAMCs may have influenced the size of the patient denominators at each VAMC, ie, if patients with mild disease were more frequently recorded as having IHD and/or CHF in some VAMCs, those VAMCs' mortality rates would have necessarily been lower than VAMCs that were less aggressive about coding. Additionally, there is substantial geographic variation in veterans' socioeconomic status, and low socioeconomic status is associated with mortality independently of health status. 32 Our measure of veterans' socioeconomic status (ie, local per capita income) may not have fully accounted for this variation. Finally, the study population was almost entirely men and predominantly white, consistent with the demographics of VA-enrolled veterans older than 50 years.
Conclusions
There were marked variations in risk-standardized mortality across the nation's VAMCs among veterans with IHD and among veterans with CHF. This variation could signal important differences in quality of care across the VA health system. Cardiovascular mortality in VAMCs' chronic cardiovascular disease populations was only modestly associated with hospitals' posthospitalization 30-day outcomes or with the VA's 5-star quality ratings system. 
